Ceramide in nitric oxide inhibition of glioma cell growth. Evidence for the involvement of ceramide traffic.
The treatment of C6 glioma cells with the nitric oxide donor, PAPANONOate ((Z)-[N-(3-ammoniopropyl)-N-(n-propyl)amino]diazen-1-ium-1,2-diolate), resulted in a dose-dependent inhibition of cell proliferation. This was associated to a rapid and significant increase of ceramide levels and was mimicked by treatments that augment cellular ceramide. Metabolic experiments with radioactive sphingosine, serine, and choline showed that nitric oxide strongly reduced the utilization of ceramide for the biosynthesis of both sphingomyelin and glucosylceramide. Nevertheless, nitric oxide did not modify the activity of different enzymes of ceramide metabolism. The possibility that nitric oxide impairs the availability of ceramide for sphingolipid biosynthesis was then investigated. The metabolism of N-hexanoyl-[(3)H]sphingosine demonstrated that nitric oxide did not affect the biosynthesis of N-hexanoyl-[(3)H]sphingolipids but inhibited the metabolic utilization of long chain [(3)H]ceramide, synthesized in the endoplasmic reticulum (ER) from the recycled [(3)H]sphingosine. Moreover, results obtained with fluorescent ceramides, brefeldin A, ATP depletion, as well as in a ceramide transport assay indicate that nitric oxide impairs the traffic of ceramide from ER to Golgi apparatus. All this supports that, in glioma cells, the modulation of ceramide traffic can contribute to the regulation of its intracellular levels and participate in the nitric oxide-activated signaling pathway involved in the control of cell proliferation.